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and a down converter, coupled to the RF module, for down
converting the RF signal in response to a channel select signal
to generate a converted signal. The channel select signal
controls the down converter to sweep a plurality of scan trains

Int. CI1. during a scan frame, and each of the scan trains comprises a
HO4W 52/02 (2009.01) plurality of channels, wherein a total channel number of the
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U.S. CL an ID packet according to the converted signal corresponding
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84/18 (2013.01); YO2B 60/50 (2013.01) 26 Claims, 9 Drawing Sheets
260
210 220 230 240
RF Down SpB ADC Sp Power S result
Module Converter Detector
S sel
Channel

230~ Selector

200



US 9,426,742 B2

Sheet 1 of 9

Aug. 23, 2016

U.S. Patent

owir ],

N~

~A

(L¥dV I0rdd ) 1 'OId

10ed

dat

ﬁ

1o3ded 10ed
at al

1o308d
ai

f N

_

" - | 1
" - R
| ) jo[gduny, - jo[g du |
| | ($'LE6) (gTre)
_

I [ !
| [ _
| | (swgz 1) swres yooenig |
I _ _
ml (Swgy 11) MOpUIA UBOS \w

|
UOISSTWISURI]
uedS 98eJ
JAambug



US 9,426,742 B2

Sheet 2 of 9

Aug. 23, 2016

U.S. Patent

00T

nseig

3010919(J
PModg

¢ DIA

)

0vc

as

oav

10309195
Jeuuey)

— 0S¢

Psg

mmm

0¢¢

I9)I0ATO))
umo(

)

0¢¢

S[NPON
GR:

)

01¢




US 9,426,742 B2

Sheet 3 of 9

Aug. 23, 2016

U.S. Patent

¢ DIA
Jomod
snq 91"
aMneA |I||IIIIIII|II|IIIIIIIIIIIIIIWI mm
ploysay[, €€
el Tl I|0
H|H|H|H
01010110

—=
-
-

[

uren-g Wen-y wen-g Uen-y uel-g URn-y

A1

8 IL gyl TL g9 IL S IIL b LL 6 TLoeC IS77GCIE

'"‘ oo

Jwelq ueo§ urelq uedg




US 9,426,742 B2

Sheet 4 of 9

Aug. 23, 2016

U.S. Patent

v DI
2d Id £d
SIX® S | / / /
- ) ) .
sto|o{o[/olo]ofofol/f{olofo]ofjofolo]olo|o]o]if
o B __“_.
I o1 o b
oo b ] |
] | | | | !
} } § 1 ! |
¢HO|o|ofjojofojoflojojolojofojojofojojlojo]|0}0O,
zud|o|ofofolo|olofojo|o|ofolofo]ofolo]o]o]o]
tHo oo foffo]ofofofiofolofo]ofjofolojofofo]olr
: \n ™ ™ SIXe
ono|ofoflofofojofoloojofofofofofofofojo]o 0|} or
b v ' & v ' g
\/\ uren-g uren-y uren-g ren-y
S S P
00y | ARFARKAREAREAT
IL b 1L € | 1L 5yl IL 4l
Jwier uedsg




US 9,426,742 B2

Sheet 5 of 9

Aug. 23, 2016

U.S. Patent

¢ DOIA
Ld 9d Sd ¥d
SIX® OWI |, f f f /
ﬁmooooooocooccooooo\o«\o/fcf%
SRR YRR
[ U IO I AU B B
AN N S B R N
} o, [
| ! 11 14 {
mmooooocceocooooooo_:mof:i
¢HO|ofojo|ojofojojojolofjolofojofojofoltiolr!
tuololololololololololololo]lololo o,_,oﬁ_f:”,o__:,,o_“
_ NIV, SIX®
oHO|o]ofojoJofolojojofojofofojofo]o]||| 0|0 otz
b v N A e v 4
\g uren-g uren-y urel}-g uren-y
L L L L
00¢s | wlzilzilzilz
1L b IL € | IL py 1Ll
OE@H@G&OW




US 9,426,742 B2

Sheet 6 of 9

Aug. 23, 2016

U.S. Patent

9 DId
1d 0ld  6d 8d
SIX® QUL / / / f
- ) . ] )
stHo|ofo]ofo]ofolo|/fiofofo]ofp]of/]o]ofo]o]|il
B R B
oo P I o
Pt P oo oo
] REIEES L
¢HO|ojofojojofojojojo|ojofojojofojojojo}0}0,
zuo|o]ofolofo]olofololololofofofofololo]o]r]
tuoofofo]ojofooliofo]ofofofofofir]ojolo]olor
oHOJOJofofojojojo W ojojo|ofu/joliojo|o|0]o0]|0,
h ' v a g & v g
l uren-g uren-y urel)-g -y
RS N S
005 | cllzrlerledler
1L g 1L € | IL 5y IL gl
JWeL,] Uedg

SIXR
JEltidg)




US 9,426,742 B2

Sheet 7 of 9

Aug. 23, 2016

U.S. Patent

L "DIA
€1d Z1d
STX® QWL ], f /
- ) N,
siHd|ojojofof/jojojojojofofojojojofjo|o|o]oO _\R
[ [
i P
ey o
- s
mmooooo“iooocoooooooooo“:
¢HDlolo]o o_?_m_o ololo|oflololololojo|o]|oO o.:.__
tuoofofo]ofofolo]jojofo]ofofo]o]ofolo]o]olo
. iri (P SIX®e
onofofofojolifjojojojojojo]ofofofofojo}o]o "]y e,
b v % v A v ~v d
\g uren-g uren-y uren-g ures)-y
L L L L
00L _ | AAFA R AREA LKA
1L b | 1L € | 1L € IL 4l
oawunmﬂﬁom




US 9,426,742 B2

Sheet 8 of 9

Aug. 23, 2016

U.S. Patent

8 'DIA
STX QUL
siHojofolojloloflolojolojoloflolojolojolololo]oO
¢HO|lolofjo|lojololojlolo|lojolojojlo]ojololo]o]oO
cHolojojofojofojojlojojo]oflojlojolojolojolo]oO
tHolofolojojlojolojolo|ofjo]ojoloflojo|lo|ojo|oO
oudlofolojlojoflolojolojo]o|lolojolojolo|o|o]oO
h v ~ & v v
\g Qﬁw‘ﬂ:m Qmﬁbld\ Gmdbxm ﬁmﬁ.ﬁx<
[ O P
008 | ARFAREAREAAKAT
1L 1L o€ | IL € LL 4l
wIel ueodg

SIXe
[ouuey)




US 9,426,742 B2

Sheet 9 of 9

Aug. 23, 2016

U.S. Patent

6 DId

dNd

8068~ ™

J[NSAI UOISIOAP 1amod 01 Zurprodoe ssa001d Juonbosqns wiopRg

[}

906S ™

uroned
vonnquysip 1omod 03 Surpuodsaizod Jnsar uoIsoap omod pue
[RUSIS pa1IaAu0d 03 Surpuodsaniod ursped uonngusip mod
urejqo 03 Se 0 ‘TRUBIS PAJISAUOD UO 2INPa20Id UBdS WI0JIod

A

r06S

owely ueds © JuLmp suren) ueds om) Jurdooms
Ajo1euId)fe Aq J2USIS POLIOAUOD 918I0U3 0] [eu3IS Y HWOAUO))

A

206S 7

[euSIS Y 9A1900Y

(L4VLS)




US 9,426,742 B2

1
COMMUNICATION APPARATUS AND
BLUETOOTH ID PACKET RECOGNITION
METHOD THEREOF

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of pending U.S. patent
application Ser. No. 13/007,789, filed on Jan. 17, 2011, now
U.S. Pat. No. 9,001,749, which claims the benefit of U.S.
Provisional Application No. 61/324,340, filed on Apr. 15,
2010, the entirety of which is incorporated by reference
herein.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention is related to a communication appa-
ratus, and more particularly to a communication apparatus for
recognizing an ID packet comprised in an RF signal.

2. Description of the Related Art

Bluetooth wireless technology is a short-range communi-
cations technology, which is able to replace cables which
connect portable and/or fixed devices for communications
while maintaining high levels of security. The key features of
Bluetooth technology are robustness, low power, and low
cost. The Bluetooth specification defines a uniform structure
for a wide range of devices to connect and communicate with
each other.

All Bluetooth devices default to a standby mode. In a
standby mode, unconnected devices periodically listen for
messages. This procedure is called scanning which is divided
into two types: page scan and inquiry scan. A page scan is
defined as a connection sub-state in which a device listens for
its own device access code (DAC) (via a “page”) for a scan
window duration (11.25 ms) every 1.28 seconds in order to set
up an actual connection between devices. An inquiry scan is
very similar to a page scan except that in this sub-state the
receiving device scans for the inquiry access code (IAC) (via
an “inquiry”). The inquiry scan is used to discover which
devices are in a range and addresses and clocks of devices in
the range. Therefore, a normal scan procedure is typically
performed during the scan window (11.25 ms) for a Bluetooth
device.

A page sub-state is used by a master Bluetooth device to
activate and connect to a slave Bluetooth device which peri-
odically wakes up in the page scan sub-state. The master
Bluetooth device tries to capture the slave Bluetooth device
by repeatedly transmitting the slave’s device access code
(DAC) in different hop channels. In the page sub-state, the
master Bluetooth device transmits the device access code (ID
packet) corresponding to the targeted slave Bluetooth device
for connection, rapidly on a large number of different hop
frequencies. Since the ID packet is a very short packet, the
hop rate can be increased from 1600 hops/s to 3200 hops/s.
Since the Bluetooth clocks of the master and the slave Blue-
tooth devices may not be synchronized, in this case, the
master Bluetooth device would not precisely know when the
slave Bluetooth device has waken up and which hop fre-
quency the slave Bluetooth device is on. Therefore, the master
Bluetooth device transmits a train of identical DACs at dif-
ferent hop frequencies, and listens in between the transmitted
intervals until the master Bluetooth device receives a
response from the slave Bluetooth device. FIG. 1 shows a
timing diagram illustrating page and inquiry scan transmis-
sions, wherein pairs of page or inquiry scan messages 100 are
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2

repeated within the scan window (11.25 ms) in accordance
with the Bluetooth specification.

However, when in standby mode, a Bluetooth device will
consume power due to the inquiry scan and the page scan.
This can be undesirable in that considerable battery power is
consumed even while the Bluetooth device is unconnected.

Therefore, a communication apparatus and a Bluetooth ID
packet recognition method thereof are desired to reduce
power consumption of the communication apparatus when in
a standby mode.

BRIEF SUMMARY OF THE INVENTION

A communication apparatus for recognizing an ID packet
comprised in an RF signal and a method thereof are provided.
An embodiment of a communication apparatus is provided.
The communication apparatus comprises an RF module, a
down converter coupled to the RF module and a detector
coupled to the down converter. The RF modulereceives an RF
signal. The down converter down converts the RF signal in
response to a channel select signal to generate a converted
signal, wherein the channel select signal controls the down
converter to alternately sweep a plurality of scan trains during
a scan frame, and each of'the scan trains comprises a plurality
of channels. The detector determines whether the RF signal
comprises an ID packet according to the converted signal
corresponding to the channels of the plurality of scan trains.

Furthermore, an embodiment of a method for recognizing
an ID packet comprised in an RF signal is provided. An RF
signal is received. The RF signal is converted to generate a
converted signal by alternately sweeping a plurality of scan
trains during a scan frame, wherein each of the scan trains
comprises a plurality of channels. A scan procedure is per-
formed on the converted signal. It is determined whether the
RF signal comprises an ID packet according to the scan
results.

Furthermore, an embodiment of a method for recognizing
a Bluetooth ID packet is provided. The method comprises
receiving an RF signal, converting the RF signal to generate a
converted signal with reference to a channel select signal,
performing a scan procedure on the converted signal, and
determining whether the RF signal comprises a Bluetooth ID
packet according to the scan results. The channel select signal
sweeps N Bluetooth hopping channels during a scan frame,
where 32=<N<78.

A detailed description is given in the following embodi-
ments with reference to the accompanying drawings.

BRIEF DESCRIPTION OF DRAWINGS

The invention can be more fully understood by reading the
subsequent detailed description and examples with refer-
ences made to the accompanying drawings, wherein:

FIG. 1 shows a timing diagram illustrating page and
inquiry scan transmissions;

FIG. 2 shows a communication apparatus for recognizing
ID packets according to an embodiment of the invention;

FIG. 3 shows an example illustrating a timing diagram of
the signals of the communication apparatus in FIG. 2 accord-
ing to an embodiment of the invention;

FIG. 4 shows an example illustrating a power distribution
pattern of the power detection signal S, of the power
detector in FIG. 2 according to an embodiment of the inven-
tion;

FIG. 5 shows another example illustrating a power distri-
bution pattern of the power detection signal S,,,,,,, of the
power detector in FIG. 2 according to an embodiment of the
invention;
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FIG. 6 shows another example illustrating a power distri-
bution pattern of the power detection signal S, of the
power detector in FIG. 2 according to an embodiment of the
invention;

FIG. 7 shows another example illustrating a power distri-
bution pattern of the power detection signal S,,,,,, of the
power detector in FIG. 2 according to an embodiment of the
invention;

FIG. 8 shows another example illustrating a power distri-
bution pattern of the power detection signal S,,,,,, of the
power detector in FIG. 2 according to an embodiment of the
invention; and

FIG. 9 shows an ID packet recognition method for a com-
munication apparatus according to an embodiment of the

invention.
DETAILED DESCRIPTION OF THE INVENTION

The following description is of the best-contemplated
mode of carrying out the invention. This description is made
for the purpose of illustrating the general principles of the
invention and should not be taken in a limiting sense. The
scope of the invention is best determined by reference to the
appended claims.

According to the Bluetooth Specification, when in page
scan or inquiry scan, a master device transmits on a page
hopping sequence which includes 32 frequencies. Each of the
32 frequencies is calculated using the paged unit’s Bluetooth
Device Address. In order to address this difficulty, the paging
sequence includes the 32 frequencies, using a calculated main
center frequency and 31 other frequencies, wherein the other
frequencies have an offset of +/-16. A new center frequency
is calculated every 1.28 s. To handle all 32 frequencies of the
paging sequence, the page hopping sequence switches alter-
nately between two paging trains each comprising 16 fre-
quencies. The trains are referred to as the A-train and the
B-train. When in the page scan, the master device transmits
the A-train 128 times in succession. Then, if a slave device has
not responded to the page after 128 transmissions of the
A-train, the master device transmits the B-train 128 times in
succession. If the slave device does not respond to the B-train,
the master device again transmits the A-train. This operation
continues until the slave device responds to the master device
or until the master device gives up transmitting the trains.

FIG. 2 shows a communication apparatus 200 for recog-
nizing Bluetooth ID packets according to an embodiment of
the invention. The communication apparatus 200 comprises
an RF module 210, a down converter 220, an analog to digital
converter (ADC) 230, a power detector 240 and a channel
selector 250. In FIG. 2, the RF module 210 receives an RF
signal via an antenna 260. Next, the down converter 220
receives a signal from the RF module 210 and down converts
the received signal into a converted signal Sz (e.g. an inter-
mediate frequency (IF) signal or a Baseband signal) in
response to a channel select signal S,,;, from the channel
selector 250. The channel selector 250 may select at least 32
channels from 79 channels as target channels, and divides the
at least 32 channels into a plurality of scan trains such as
A-train and B-train. It is to be noted that selecting 32 target
channels is used as an example for description, and does not
limit the invention. For example, the channel selector 250
may select N (32=<Nx<78) channels from 79 channels, and
divides the selected N channels into more than two trains.
Next, the channel selector 250 may provide the channel select
signal S._; to the down converter 220, to control the down
converter 220 to alternately sweep the plurality of scan trains
such as the A-train and B-train during a scan frame (1250 ps).
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Therefore, the converted signal Sz is generated correspond-
ing to the channels of the plurality of scan trains arranged by
the channel selector 250. Detailed operations will be
described in the following paragraphs. Next, the ADC 230
converts the converted signal Sz into a digital signal S,
Next, the power detector 240 may perform an ID packet scan
procedure on the digital signal S, to determine whether the
RF signal received by the RF module 210 comprises a Blue-
tooth ID packet. In one embodiment, the power detector 240
detects the power of the digital signal S, to obtain a power
detection signal S,,,,,,. Next, the power detector 240 may
determine whether the RF signal comprises the Bluetooth ID
packet according to a power distribution pattern of the power
detection signal S, within the scan frame and provides a
power decision result S,,,;, for subsequent processes. For
example, if the Bluetooth ID packet is detected, the commu-
nication apparatus 200 may determine whether to set up a
connection with the peer Bluetooth device which sent the
Bluetooth ID packet. Furthermore, the ADC 230 may be
omitted and the power detector 240 may be used to detect the
power of the converted signal Sz, directly, so as to reduce
conversion distortion caused by the ADC 230 and obtain the
power detection signal S, accurately. In other words, the
power detection can be performed in either analog or digital
domain.

FIG. 3 shows an example illustrating a timing diagram of
the signals of the communication apparatus 200 in FIG. 2
according to an embodiment of the invention. In FIG. 3,
signal S1 represents an ID packet format in the RF signal
received by the RF module 210, signal S2 represents a sweep-
ing state of the communication apparatus 200 illustrating a
channel arrangement of an A-train and B-train during every
scan frame, and signal S3 represents a power level of the
digital signal S,,. As defined by the Bluetooth specification,
the peer Bluetooth device sending page or inquiry scan mes-
sages hops between 32 channels, and a pair of page or inquiry
scan messages 31 exists in the 1* and 2" time periods T1, and
apair of page or inquiry scan messages 32 exists in the 5” and
6" time periods T1. In one embodiment, the messages 31
comprising a first ID packet is carried in one channel in the
A-train and the messages 32 comprising a second ID packet is
carried in one channel in the B-train; in the other embodi-
ment, the messages 31 comprising a first ID packet is carried
in one channel in the B-train and the messages 32 comprising
a second ID packet is carried in one channel in the A-train.
Referring to FIG. 2 and FIG. 3 together, the down converter
220 may sweep the channels of the A-train and B-train
according to the channel select signal S, ,, wherein the chan-
nel select signal S_,, corresponds the channel arrangement
shown in the signal S2. In the embodiment, a scan frame is
divided into four time periods T1. Taking the front scan frame
as an example, it comprises the 1%, 2”¢, 3’ and 47 time
periods T1, and the time-length of each time period T1 is
312.5 ps. A sweep time length for each scan train (e.g. A-train
and B-train) is substantially equal to the time period T1, and
the channel select signal S, further controls the down con-
verter 220 to alternately sweep the plurality of channels of the
scan train during the time period T1. Furthermore, each time
period T1 is divided into five time periods T2; thus the time-
length of each time period T2 is 62.5 ps. Therefore, the
communication apparatus 200 may perform a ID packet scan
procedure by using the down converter 220 and the channel
selector 250 to sweep the 16 channels of an A-train (e.g. from
channel CHO to channel CH15) for 5 times during the 1* time
period T1, to sweep the 16 channels (e.g. from channel CH16
to channel CH31) of a B-train for 5 times during the 2" time
period T1, to sweep the 16 channels of the A-train for 5 times



US 9,426,742 B2

5

during the 3"/ time period T1, and to sweep the 16 channels of
the B-train for 5 times during the 4% time period T1. Simul-
taneously, the power detector 240 is used to obtain the power
level of each channel within the A-train and B-train. In this
way, no matter whether the messages 31 comprising the first
1D packet corresponds to the A-train or B-train and the mes-
sages 32 comprising the second ID packet corresponds to the
B-train or A-train, the communication apparatus 200 can
successfully detect the first and second ID packets without
sweeping full channels of the RF signal (e.g. without sweep-
ing all 79 hopping channels). For example, when the message
31 comprising the first ID packet is carried in CH1 of the
A-train in the 1 T1 and 2" T1, a power peak 33 correspond-
ing to CH1 of the A-train in the 1% T1 can be detected by the
power detector 240 since the sweeping state (signal S2) is in
A-train during the 1°* T1, as shown in signal S3. In another
example, when the message 32 comprising the second ID
packet is carried in CH17 of the B-train in the 5% T1 and 6”
T1, a power peak 34 corresponding to CH17 of the B-train in
the 6” T1 can be detected by the power detector 240 since the
sweeping state (signal S2) is in B-train during the 67 T1, as
shown in signal S3. The power detector 240 may further
samples the signal S3 and compare the sample values with a
threshold value to obtain the power detection signal S,,,,..,. In
this embodiment, the power detection signal S, has 16
bits each representing the power level of the signal S3 at
individual channel. For example, each bit with a high logic
level “1” indicates that the power level of the digital signal S,
corresponding to the individual channel at the individual sec-
ond time period T2 has exceeded a threshold value, and each
bit with a low logic level “0” indicates that the power level of
the digital signal S, corresponding to the individual channel
at the individual second time period T2 has not exceeded the
threshold value. Thus, the communication apparatus 200 may
detect that there is no power or low power level during the 277,
3" and 4” time periods T1. It is to be noted that the time
lengths of the scan frame, the time period T1, and the time
period T2 shown in FIG. 3 are used for description purpose,
and does not limit the invention. Moreover, the A-chain and
the B-chain may comprise less than or more than 16 channels,
and the channel numbers of the A-chain and the B-chain may
be different. For example, the A-chain may list 15 channels
while the B-chain may list 17 channels. In another example,
the A-chain may list 20 channels while the B-chain may list
20 channels. The channels of the A-chain and B-chain can be
overlapped or non-overlapped. These modifications all fall
within the scope of the present invention, as long as the target
channels defined in the Bluetooth specification capable of
being used by the Bluetooth device for sending Bluetooth ID
packet are included in the scan trains. That is, each of the
plurality of scan chains of the channel selector 250 comprises
at least a portion of the target channels.

FIG. 4 shows an example illustrating a power distribution
pattern 400 comprised in the power detection signal S,
according to an embodiment of the invention. Referring to
FIG. 2 and FIG. 4 together, in the embodiment, the power
detection signal S,,,,,.., is obtained by periodically detecting
the power of the digital signal S,, during a scan frame. The
power distribution pattern 400 comprised in the power detec-
tion signal S, has a plurality of bits indicating the power
level of the digital signal S,, at different time points and
different channels of the scan trains respectively. In addition,
a power distribution sub-pattern, such as P1, P2 or P3 shown
in FIG. 4, comprises a plurality of bits indicating the power
level of the digital signal S, corresponding to the plurality of
channels respectively. For example, the bits located in first
and second rows of a power distribution sub-pattern P1
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respectively correspond to the channels CHO and CH1 of an
A-train, and the bits located in first and second rows of a
power distribution sub-pattern P2 respectively correspond to
the channels CH16 and CH17 of a B-train. After obtaining the
power distribution pattern 400, the power detector 240 may
perform a fast scan process which identifies an ID packet by
comparing the power distribution pattern 400 with a pre-
defined Bluetooth ID pattern. If the power distribution pattern
400 is determined to match the predefined Bluetooth ID pat-
tern, the power detector 240 generates the power decision
result S, to indicate that a Bluetooth ID packet is detected.
For example, in the power distribution pattern 400, only the
bit located in the second row of a power distribution sub-
pattern P3 is at a high logic level “1”” and other bits are ata low
logic level “0”, this indicates that one power peak (the power
peak 33 of FIG. 3) is detected in CH1 of A-train. Thus, the
power detector 240 may provide the power decision result
S, esuze 10 sUbsequent circuits to indicate that the power distri-
bution pattern 400 matches a Bluetooth ID pattern (i.e. the RF
signal comprises a Bluetooth ID packet) for subsequent pro-
cessing.

FIG. 5 shows another example illustrating a power distri-
bution pattern 500 of the power detection signal S,
according to an embodiment of the invention. Similarly, in
FIG. 5, the power distribution pattern 500 is obtained by
periodically detecting the power of the digital signal S, dur-
ing a scan frame. After obtaining the power distribution pat-
tern 500, the power detector 240 may provide the power
decision result S,_,,;, to indicate whether the power distribu-
tion pattern 500 matches a predefined Bluetooth ID pattern.
Furthermore, the power detector 240 may further provide the
power decision result S, ;, to indicate whether the power
distribution pattern 500 matches a noise/interference pattern.
In the embodiment, the power detector 240 may determine
that the power distribution pattern 500 does not match any
Bluetooth ID pattern and is a noise/interference because con-
tinuous power distribution has been detected (in the 1% time
period T1, the power distribution sub-patterns P4, P5, P6 and
P7 all have bit with high logic level “17). Next, the power
detector 240 provides the power decision result S, _ ;. to
notify subsequent circuits. However, if the communication
apparatus 200 continuously detects high power during several
scan frames, the communication apparatus 200 may switch
from the fast scan procedure to a normal power scan proce-
dure to further confirm whether the RF signal received by the
antenna 260 comprises any Bluetooth packets or noise.

FIG. 6 shows another example illustrating a power distri-
bution pattern 600 of the power detection signal S,
according to an embodiment of the invention. Similarly, in
FIG. 6, the power distribution pattern 600 is obtained by
periodically detecting the power of the digital signal S, dur-
ing a scan frame. In the embodiment, the power detector 240
may determine that the power distribution pattern 600 does
not match the predefined Bluetooth ID packet because disor-
dered power is detected for the digital signal S, at more than
four time periods (please be noted that this is for illustrate
purpose only; the number of the time periods that disordered
power occurs is not limited to four). For example, the power
distribution sub-patterns P8, P9, P10 and P11 each compris-
ing at least one bit with a high logic level “1” are dispersed in
the power distribution pattern 600. The power distribution
sub-patterns P8-P11 comprising a high logic level “1” are
separated by at least one power distribution sub-pattern com-
prising 16 bits with a low logic level “0”. For example, the
power distribution sub-patterns P8 and P9 are separated by
four distribution sub-patterns comprising 16 bits with a low
logic level “0”, and the power distribution sub-patterns P9
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and P10 are separated by one distribution sub-patterns com-
prising 16 bits with a low logic level “0”. Thus, the power
detector 240 may provide the power decision result S, ;, to
notify subsequent circuits that four separated power distribu-
tion sub-patterns are detected and the power distribution pat-
tern 600 matches one type of noise/interference pattern rather
than a Bluetooth ID pattern. However, if the communication
apparatus 200 continuously detects separated power distribu-
tion that does not match the predefined Bluetooth ID packet
during several scan frames, a normal power scan procedure
may be performed to further confirm whether the RF signal
received by the antenna 260 comprises any Bluetooth packets
or noise.

FIG. 7 shows another example illustrating a power distri-
bution pattern 700 of the power detection signal S,
according to an embodiment of the invention. In the embodi-
ment, the power detector 240 may determine that the power
distribution pattern 700 does not match a Bluetooth ID packet
because the power distribution sub-pattern P12 comprises too
many bits with a high logic level “1” (i.e. the power levels of
aplurality of channels in the A-train or B-train during a single
time period T2 has exceeded the threshold value) and/or the
power distribution sub-pattern P13 comprises too many sepa-
rated bits with a high logic level “1” separated by at least one
bit with a low logic level “0” (i.e. the power levels of a
plurality of separated channels in the A-train or B-train during
a single time period T2 has exceeded the threshold value).
Here, we assume that the channel numbers in A-chain/B-
chain is sorted by their frequencies to give “separation”
physical meaning Thus, the power detector 240 may provide
the power decision result S, ;, to notify subsequent circuits
that the power distribution pattern 700 matches at least one
type of noise/interference pattern rather than a Bluetooth ID
pattern. However, if the communication apparatus 200 con-
tinuously detects too many bits with a high logic level “1” in
a single power distribution sub-pattern during several scan
frames, a normal power scan procedure may be performed
during a scan window (11.25 ms) by the communication
apparatus 200 to further confirm whether the RF signal
received by the antenna 260 comprises any Bluetooth packets
or noise.

FIG. 8 shows another example illustrating a power distri-
bution pattern 800 of the power detection signal S,
according to an embodiment of the invention. In each of the
power distribution sub-patterns of the power distribution pat-
tern 800, no bit with a high logic level “1” exists; which means
that the power of the digital signal S, has not exceeded the
threshold value during the fast scan procedure. In this situa-
tion where no power or low power level has been detected
during several scan frames, a normal power scan procedure
may be performed during a scan window (11.25 ms) by the
communication apparatus 200 to further confirm whether the
RF signal received by the antenna 260 comprises any Blue-
tooth packets or noise. The communication apparatus 200
may switch from the fast scan procedure to the normal power
scan procedure to assist in recognizing Bluetooth ID packets.

FIG. 9 shows an ID packet recognition method for a com-
munication apparatus according to an embodiment of the
invention. First, an RF signal is received via an antenna (e.g.
260 of FIG. 2) and an RF module (e.g. 210 of FIG. 2) of the
communication apparatus (step S902). Next, in step S904, the
RF signal is converted by a down converter (e.g. 220 of FIG.
2) into a converted signal with reference to a channel select
signal of a channel selector (e.g. 250 of FIG. 2), wherein the
channel select signal alternately sweeps a plurality of scan
trains (such as the two scan trains A-train and B-train men-
tioned above) during a scan frame, and each of the scan trains

25

40

45

55

65

8

comprises a plurality of channels. In one embodiment, the 16
channels of the A chain are alternately swept during a time
period (1°° T1), and the 16 channels of the B chain are alter-
nately swept during a subsequent time period (2°¢ T1). Next,
in step S906, a scan procedure (such as the fast scan procedure
or the normal scan procedure mentioned above) is performed
on the converted signal so as to obtain a power distribution
pattern corresponding to the converted signal and a power
decision result corresponding to the power distribution pat-
tern. Next, in step S908, a subsequent process is performed
according to the power decision result obtained in step S906.
For example, if the power decision result indicates that the
power distribution pattern matches a Bluetooth ID pattern
(e.g. 400 of FIG. 4), the communication apparatus may deter-
mine that the RF signal comprises a Bluetooth ID packet
which was sent by a Bluetooth device nearby to the commu-
nication apparatus. Thus, the communication apparatus may
set up a connection with the Bluetooth device. If the power
decision result indicates that the power distribution pattern
matches a noise/interference 1D pattern (e.g. 500 of FIG. 5,
600 of FIG. 6), high power level has been detected in the
power distribution pattern (e.g. 700 of FIG. 7) or no/low
power level has been detected in the power distribution pat-
tern (e.g. 800 of FIG. 8), the communication apparatus may
continue performing the fast scan procedure periodically to
monitor the power distribution pattern corresponding to the
converted signal. Furthermore, when the power decision
results of the fast scan procedures indicate that the power
distribution pattern does not match a Bluetooth ID pattern for
several scan frames, the communication apparatus may stop
performing the fast scan procedure and then start to perform
anormal power scan procedure, so as to assist in recognizing
Bluetooth ID packets for the RF signal. Therefore, by per-
forming the fast scan procedure of the invention, a commu-
nication apparatus may perform page scan or inquiry scan
faster; thus reducing power consumption. Furthermore, the
communication apparatus does not sweep full channels for
the RF signal; the measuring time of the power detection for
each scanned channel can be extended. High detection rates/
sensitivity and low false alarm rates are therefore obtained for
page and inquiry scans in a Bluetooth compatible network.

While the invention has been described by way of example

and in terms of the preferred embodiments, it is to be under-
stood that the invention is not limited to the disclosed embodi-
ments. To the contrary, it is intended to cover various modi-
fications and similar arrangements (as would be apparent to
those skilled in the art). Therefore, the scope of the appended
claims should be accorded the broadest interpretation so as to
encompass all such modifications and similar arrangements.

What is claimed is:

1. A communication apparatus, comprising:

an RF module, for receiving an RF signal;

a down converter, coupled to the RF module, for down
converting the RF signal in response to a channel select
signal to generate a converted signal, wherein the chan-
nel select signal controls the down converter to sweep a
plurality of scan trains during a scan frame, and each of
the scan trains comprises a plurality of channels,
wherein a total channel number of the plurality of scan
trains is N, where 32<N<78; and

a detector, coupled to the down converter, for determining
whether the RF signal comprises an ID packet according
to the converted signal corresponding to the channels of
the plurality of scan trains.

2. The communication apparatus as claimed in claim 1,

wherein a sweep time length for each scan train is substan-
tially equal to a first time period, and the channel select signal
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further controls the down converter to alternately sweep the
plurality of channels during the first time period.

3. The communication apparatus as claimed in claim 2,
wherein time-length of the scan frame is equal to time-length
of the first time period multiplied by 4.

4. The communication apparatus as claimed in claim 1,
wherein the channel select signal controls the down converter
not to sweep full channels of the RF signal.

5. The communication apparatus as claimed in claim 4,
implemented to determine whether the RF signal comprises a
Bluetooth 1D packet.

6. The communication apparatus as claimed in claim 4,
implemented to determine whether the RF signal comprises a
Bluetooth ID packet, and wherein the plurality of scan trains
comprises 32 target channels defined in the Bluetooth speci-
fication capable of being used by the Bluetooth ID packet, and
each of the plurality of scan chains comprises at least a por-
tion of the 32 target channels.

7. The communication apparatus as claimed in claim 1,
wherein the detector detects the power level of the converted
signal corresponding to the channels of the plurality of scan
trains to generate a power detection signal, and determines
whether the RF signal comprises the ID packet according to
the power detection signal.

8. The communication apparatus as claimed in claim 7,
wherein the power detection signal comprises a power distri-
bution pattern comprising a plurality of bits indicating the
power level of the converted signal corresponding to the
plurality of channels respectively.

9. The communication apparatus as claimed in claim 7,
wherein the power detection signal comprises a power distri-
bution pattern comprising a plurality of bits indicating the
power level of the converted signal at different time points
corresponding to the plurality of channels respectively.

10. The communication apparatus as claimed in claim 8,
wherein the detector determines that the RF signal comprises
the ID packet when the power distribution pattern matches a
predefined ID pattern.

11. The communication apparatus as claimed in claim 9,
wherein the detector determines that the RF signal comprises
the ID packet when the power distribution pattern matches a
predefined ID pattern.

12. A method for recognizing an ID packet comprised in an
RF signal, comprising:

receiving an RF signal;

converting the RF signal to generate a converted signal

with reference to a channel select signal, wherein the
channel select signal sweeps a plurality of scan trains
during a scan frame, wherein each of the scan trains
comprises a plurality of channels and a total channel
number of the plurality of scan trains is N, where
32=Nx=78;

performing a scan procedure on the converted signal; and

determining whether the RF signal comprises an ID packet

according to the scan results.

13. The method as claimed in claim 12, wherein a sweep
time length for each scan train is substantially equal to a first
time period, and the channel select signal alternately sweeps
the plurality of channels of each scan train during the first
time period.
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14. The method as claimed in claim 13, wherein time-
length of the scan frame is equal to time-length of the first
time period multiplied by 4.

15. The method as claimed in claim 12, wherein the con-
verting step does not sweep full channels of the RF signal.

16. The method as claimed in claim 15, implemented to
determine whether the RF signal comprises a Bluetooth ID
packet.

17. The method as claimed in claim 15, implemented to
determine whether the RF signal comprises a Bluetooth ID
packet, and wherein the plurality of scan trains comprises 32
target channels defined in the Bluetooth specification capable
of being used by the Bluetooth ID packet, and each of the
plurality of scan chains comprises at least a portion of the 32
target channels.

18. The method as claimed in claim 12, wherein the step of
performing the scan procedure comprises:

detecting the power level of the converted signal corre-

sponding to the channels of the plurality of scan trains to
generate a power detection signal;

and the determining step comprises:

determining whether the RF signal comprises the 1D

packet according to the power detection signal.

19. The method as claimed in claim 18, wherein the power
detection signal comprises a power distribution pattern com-
prising a plurality of bits indicating the power level of the
converted signal corresponding to the plurality of channels.

20. The method as claimed in claim 18, wherein the power
detection signal comprises a power distribution pattern com-
prising a plurality of bits indicating the power level of the
converted signal at different time points corresponding to the
plurality of channels.

21. The method as claimed in claim 19, wherein the deter-
mining step comprises determining that the RF signal com-
prises the ID packet when the power distribution pattern
matches a predefined ID pattern.

22. The method as claimed in claim 20, wherein the deter-
mining step comprises determining that the RF signal com-
prises the ID packet when the power distribution pattern
matches a predefined ID pattern.

23. The method as claimed in claim 19, further comprising:

performing a normal scan procedure when the power dis-

tribution pattern indicates that high power level or inter-
ference has been detected for a given time period.

24. The method as claimed in claim 20, further comprising:

performing a normal scan procedure when the power dis-

tribution pattern indicates that high power level or inter-
ference has been detected for a given time period.

25. The method as claimed in claim 19, further comprising:

performing a normal scan procedure when the power dis-

tribution pattern indicates that no power or low power
level has been detected for a given time period.

26. The method as claimed in claim 20, further comprising:

performing a normal scan procedure when the power dis-

tribution pattern indicates that no power or low power
level has been detected for a given time period.
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